Introduction
Behavioural ecology and the birth of personality research. Behavioural ecology describes the evolutionary basis of animal behaviour i.e. it investigates how and why behaviours are maintained by Darwinian selection (Alcock 2009 ). This area of Biology was born in the 1940s, with the pioneer works of Niko Tinbergen, Konrad Lorenz & Karl von Frisch. Descriptions and interpretations of animal behaviour exist since Antiquity; however, it was these three researchers who structured the study of behaviour as a systematic research area, with core hypotheses and predictions, tested by experiments and/or correlational studies.
Behavioural ecology generally aims at answering four main questions about animal behaviour, as postulated by Niko Tinbergen: (i) what is the underlying mechanism of behaviour?, (ii) how does behaviour develop?, (iii) what is the current function of behaviour ?, and (iv) what is the evolutionary history of behaviour?. Central interdependent themes within behavioural ecology include: the study of reproductive behaviour and sexual selection (mating systems, courtship behaviour, sperm competition), the study of sociality (group living, cooperation between and within species, altruistic behaviour, mutualism), the study of communication between animals (signals, mimicry, deceit), as well as the study of family interactions, migration, feeding behaviour, brood parasitism etc, virtually any type of behaviour animals show (Alcock 2009 ) At present, behavioural ecology is a fully established area of research, with a multitude of papers being published annually in high profi le biological journals.
More recently, a new area of research within behavioural ecology has risen: the study of animal personality i.e. the study of differences in behaviour between individuals that are consistent in time and across contexts (Dall et al.2004 , Reale et al.2007 , Smith & Blumstein 2008 .
Variability in individual behaviour has been repeatedly reported since the 1970s, however, such differences were in general interpreted as noise in the data (Dall et al.2004 , Reale et al. 2007 ). The systematic investigation of personality started in the 2000s, following a few studies that established the basic ideas in the 1990s (e.g. Verbeek et al. 1994 , Godin & Dugatkin 1996 , Budaev et al. 1999 .
The concept of a personality trait is described by two key points: high inter-individual and low-intra-individual variation in behaviour ; that is, individuals clearly differ between each other but are consistent in their behaviours across contexts and in time. Reale et al. (2007) defi ned fi ve main personality traits: boldness (individual inclination to take risks), exploration (individual affi nity to explore new environments), activity, aggressiveness (individual antagonistic behaviour directed towards conspecifi cs), and sociability (individual inclination to engage in social interactions). The fi eld of personality research has been pronged by semantic arguments over terminology, some of which are outlined in Box 1. In recent years, however, a general consensus in terminology and on the methods used for measuring personality traits has emerged, (Box 2, Reale et al. 2007) , which means personality research benefi ts now from an established conceptual framework.
Personality research so far: influences on individual fitness. Personality traits have been studied in relation to a wide range of functional contexts (Table 1) , and have further been correlated with multiple fi tness measurements (see notable lists of such studies in Reale et al. 2007 ) and life-history traits (e.g. growth, onset of reproduction, age at sexual maturity, etc. reviewed by Biro & Stamps 2008) .
A recent meta-analysis of personality studies reveals that bold individuals have more offspring, but reduced survival compared to shy ones. Exploration scores weakly correlate with survival and aggression has a small positive ef-
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How does parental personality ... fect on both survival and reproductive success (Smith & Blumstein 2008) . The authors used data extracted from 31 papers in which naturalistic observations, coding of behaviour and rating were used to quantify personality traits sensu Reale et al. (2007) . The meta-analysis compiles results from studies on arthropods, fi sh, birds, and mammals, showing that personality traits are not trivial, rather they can have important implications for the ecology and evolution of a wide range of species (Dall et al. 2012) . So far, personality has been linked with fi tness measurements such as: individual survival (e.g. Dugatkin 1992) , individual ability to respond to environmental fl uctuations (e.g. Dingemanse et al. 2004) , fertilization success (e.g. Sinn et al. 2006 , Ariyomo & Watt 2012 , brood size (e.g. Kontiainen et al. 2009 ), offspring weight at birth (e.g. Both et al. 2005 , Stapley & Keogh 2005 , offspring survival to and quality at independence (e.g. Reale et al. 2000 , Sinn et al. 2006 , Schuett et al. 2011b , and fi nally recruitment (e.g. Dingemanse et al. 2004 , Kontiainen et al. 2009 ). These studies have contributed to the growing evidence that personality affects fi tness; the processes through which these effects are mediated are, however, a matter of continuing debate. Given that comprehensive reviews on the links between personality and fi tness are only a few years old, it is not surprising that the mecha-
Box 1. Terminology
There are a multitude of terms authors use as synonyms to personality: behavioural type (Sih et al. 2004a , Sih et al. 2012 , behaviour axis, personality dimension (Smith & Blumstein 2008) , temperament, coping style (Reale et al. 2007) , and behavioural syndrome. The term temperament, however, is mostly used in anthropomorphic studies. Also, coping style is generally avoided, as it rather describes a behavioural strategy to a specifi c set of conditions, and not a singular personality trait (Sih et al. 2004a) .
Behavioural syndrome (BS) is a more complicated term that still creates much confusion, and different authors use it in different contexts. Sometimes, a BS is used to describe the same idea as personality -a correlation between individual behaviour across functional contexts (Sih et al. 2004a ,b, Smith & Blumstein 2008 , Dall et al. 2012 . In this paper, however, I will use a BS to express a correlation between personality traits (sensu Dingemanse & Reale 2005 , Sih & Bell 2008 ); e.g. bolder individuals are more aggressive too. Stamps & Groothius (2010) detail this defi nition by noting that a BS defi nes correlations between behaviours in time OR across functional contexts, whereas a personality trait refers to behaviours correlated across temporal AND functional contexts.
Individuals express their personality traits while foraging, feeding their young or mating -and these have been defi ned as functional contexts or domains (Sih et al. 2004b , Reale et al. 2007 , Schuett et al. 2008 , Dall et al. 2012 . A situation represents the general current conditions in which an individual expresses its personality traits (e.g. breeding/non-breeding season, or current food levels; Sih et al. 2004b ).
Box 2. Methods for measuring personality
Since the defi nitions of the fi ve main personality traits have been universally accepted (Reale et al. 2007 ), a general agreement on the methods used to quantify personality has emerged quickly. Variation in methodology still exists because of obvious differences in the study systems (for example wild versus laboratory studies); however, authors now have a clear understanding of what they are measuring, which makes methodology standard across studies.
Exploratory behaviour is universally quantifi ed using by the open fi eld test, which quantifi es the response of individuals when introduced to a novel environment. For example in birds, exploratory behaviour is generally measured by introducing individuals into an aviary with artifi cial trees (an unexplored environment). Exploration scores are established based on: number of trees birds sample, number of hops and fl ights while on a particular tree, time spent on a tree before moving forward, etc. (e.g. Groothius & Carere 2004) .
Aggression (i.e. antagonistic response to conspecifi cs) involves quantifying individual responses to: (i) its own image in a mirror (standard test; Figure 1b , (ii) real or models of conspecifi cs, (iii) play-back calls.
The standard boldness (response to risk) measurement is to quantify individual response to a novel object introduced in its environment. Variations to this test include replacing the object with a model/real predator, playback calls of predators, a human intruder, etc.
Examples of how personality traits are expressed in various functional contexts Table 1 Functional context Expression of personality traits
Foraging
Explorers travel further while searching for food compared to non-explorative individuals (great tits, Parus major; van Oerveld & Mathyssen 2010).
Dominance
Boldness correlates with dominance hierarchies within shoals (zebrafi sh, Danio rerio, Dahlbom et al. 2011) . Exploration correlates with dominance over food resources during the non-breeding season (great tits; Both et al. 2005) .
Territory acquisition Explorative males secure best territories (great tits, Both et al. 2005) Female preference
Females prefer bold males to shy ones (guppies, Poecilia reticulata; Godin & Dugatkin 1996) . Explorative females prefer explorative males (zebra fi nches, Taeniopygia guttata; Schuett et al. 2011a Budaev et al. 1999 ).
Dispersal
Explorative individuals disperse further than non-explorers (great tits; Dingemanse et al. 2003) .
Sociality
Boldness correlates with the tendency to shoal (European wrasse, Symphodus ocellatus; Budaev 1997) . Slow explorers form long-term associations with few individuals, whereas fast explorers engage in short-term interactions with many conspecifi cs (great tits; Aplin et al. 2013 ) nisms underlying such links are not well understood. Study aims. The current paper reviews the main theoretical and empirical fi ndings that explain the relationship between personality and offspring quality as a measure of parental fi tness, highlighting the progress made so far in this fi eld.
Firstly, I will investigate the hypothesis that personality infl uences fi tness via its potential effect on reproductive investment (the life-history theory; Wolf et al. 2007 ). Parental care involves a series of interdependent behaviours, all related to some extent to personality traits. I attempt to analyse how personality links with each element in the network, and further investigate how these links interact to explain the observed correlations between personality and fi tness (Figure 2 ).
Secondly, I will investigate an alternative hypothesis through which personality can infl uence offspring fi tness: assortative mating based on personality traits. Assortative mating theory implies that small differences between parental personalities positively affect offspring quality. Finally, I will briefl y discuss how personality traits can affect family interactions, specifi cally how certain combinations of personality scores between the members of the family can decrease intra-familial confl icts, and thus increase fi tness of offspring. This area has received little attention so far, but the existing theoretical arguments show good potential for further work.
By the end of this review, I hope to have highlighted three potential mechanisms by which personality infl uences fi tness: (i) personality of each parent guides its reproductive investment strategy, (ii) differences in personality scores between members of a pair infl uence the effi ciency of parental care, and (iii) specifi c combinations of personality scores mediate family confl ict. By bringing together the theoretical arguments and the patchy supporting evidence existing so far, I hope to have created a general framework on which future empirical work can develop. Another aim of this paper is to suggest where and what type of future work is needed in order to develop a better understanding of the mechanisms linking personality to fi tness.
Personality and reproductive investment
On average, 35% of the variation observed in individual behaviour is caused by consistent differences between individuals (Bell et al. 2009 ). Often, however, the expression of personality traits is too subtle to be observed, or Schematic representation of a multi-pathway approach to quantifying how exploration infl uences on parental care and fi tness. Exploration affects provisioning indirectly because of its links with (i) aggression and nest defence (negative feedback), and (ii) foraging (direction of feedback is situation dependent). Exploration can also impact provisioning directly -high explorative individuals are expected to invest heavily in their current brood (positive feedback; Wolf et al. 2007 ). The direct and indirect pathways further feedback on offspring condition. Based on arguments from: Both et al. 2005 , Hollander et al. 2007 , Mutzel et al. 2013 ). masked by more powerful forces driving behaviour (e.g. individual's current energy levels). What are then the functional contexts in which we expect personality to make a notable impact on how an individual responds? Could personality be important in contexts related to reproductive investment?
The life-history hypothesis -personality links with reproductive investment Personality traits describe how individuals respond to novelty or risk (Reale et al. 2007 ). Particularly, high levels of activity, exploration, boldness, aggression and sociability are closely associated with the idea of being riskprone i.e. ready to jump into risky situations like exploring an unknown, potentially dangerous environment, or engaging in social interactions with unfamiliar individuals (Pike et al. 2008) . Individual response to risk is also the central concept behind a well-known life-history trade-off: investment into current versus future reproduction. Risk-prone individuals (sometimes called Type A) adopt a high-risk high-reward strategy, putting maximum efforts in the current breeding event and potentially compromising their own survival. Conversely, Type B individuals have many, smaller payoffs reproduction events in their life-time (a low risk, low reward strategy; Bennet & Owens 2002 , Reale et al. 2010 .
Drawing an analogy between life-history trade-offs and personality based on the common concept of risk allowed several authors to elaborate the life-history theory regarding personality (Stamps 2007 , Wolf et al. 2007 , Biro & Stamps 2008 , Reale et al. 2010 . A core hypothesis is that high levels of boldness, exploration, aggressiveness, sociability, and activity associate with heavy investment in current reproduction. Therefore, based on the life-history theory, we expect personality traits to be highly relevant in the context of reproductive investment, and consequently, have a notable impact on individual fi tness. Further, the prediction is that bold, aggressive, explorative, active, extrovert individuals make the most out of every breeding event i.e. they get best territories, start breeding early, maximise levels of parental care (especially provisioning), and invest heavily in nest building and defence (Wolf et al. 2007 ).
So far, most studies focused on the relationship between personality and two important functional contexts related to the breeding attempt: nest defence and provisioning ( Table 2) . As it can be seen from the summarising table, the infl uence of personality on reproductive investment follows some general directions, some in contradiction and some in agreement with the life-history theory.
Personality and nest defence
Nest defence is a key form of reproductive investment, and it can play an important role in offspring survival (e.g. Blancher 1982 , Weidinger 2002 , Andersson & Waldeck 2006 . Nests can be threatened by predators, conspecifi cs, or other intruders such as humans, which the pair tries to chase away by attacking directly, giving alarm calls, performing displays to distract predators, etc. (e.g. Hendrichsen et al. 2006 , Carillo & Aparicio 2008 , Randler 2013 . Several studies report that over 50% of variation in nest defence seen in wild populations is explained by consistent differences between individuals i.e. personality (Kontiainen et al. 2009 , Betini & Norris 2011 , Burtka and Grindstaff 2013 . Further, as predicted by the lifehistory theory, aggressiveness and exploration scores have been found to correlate positively with nest defence in several species (Table 2a) . Such fi ndings show that personality traits do infl uence the amount of effort individuals invest in defending their nest; moreover, this relationship drives variation in recruitment (and implicitly offspring quality) between individuals in some cases (Kontiainen et al. 2009 , Betini & Norris 2011 .
Personality and provisioning
Provisioning is a key form of parental care, and it directly infl uences offspring condition (e.g. Hager and Johnstone 2006, Schwagmeyer and Mock 2008) . As is the case with nest defence, a signifi cant proportion of the variation in provisioning is caused by repeatable, consistent differences between individuals (Westneat et al. 2011) , which supports the prediction that personality traits infl uence parental investment. So far, provisioning has been studied in relation to exploration, aggressiveness, and boldness.
Aggressiveness and provisioning. The relationship between aggression and parental care is a well-studied topic in behavioural ecology; however, only the more recent studies interpret and quantify aggression following the terminology and standard methods established within the modern personality framework (Box1; Box 2). As it has been reported in the past, recent personality studies show that, in most cases, aggressiveness correlates negatively with levels of provisioning (Table 2b) . These fi ndings are rather intuitive. Individuals cannot maximise all aspects of reproductive investment, so trade-offs usually exist between the efforts directed to various investment contexts (Bennet & Owens 2002) . Aggression is a measure of combat abilities, so it makes sense for aggressive individuals to invest heavily in defence, minimizing provisioning rates (Markman et al. 1995) . The negative feedback agExamples of empirical studies investigating the impact of personality traits on (a) nest defence* and (b) provisioning. Positive / negative correlations between personality traits and the functional contexts of interest are indicated by a "+" or "-" sign, respectively; "0" means that no correlation between personality and defence/provisioning has found Mutzel et al. 2013 ). Exploration and provisioning. The link between exploration and provisioning has only been recently dealt with, and in general, studies report weak or no correlations between explorative behaviour and provisioning (Table  2b) . However, exploration does affect several contexts linked with provisioning (notably foraging, dispersal, and territory acquisition). Because of these relationships, exploration is thought to feedback indirectly on parental care, an argument (so far, an untested hypothesis) authors use to explain why exploration correlates with offspring condition in several studies (e.g. Both et al. 2005 , Schuett et al. 2011b , Gabriel & Black 2012 .
Several correlational studies (especially on great tits) report that exploration is closely linked with foraging strategies. Slow explorative individuals are thorough foragers (Verbeek et al. 1994) ; whereas fast explorers quickly sample many food sources, which they exploit superfi cially (Herborn et al. 2010) . When a faced with a decrease in food supplies, explorative individuals more rapidly try fi nding new food sources, and they travel further to fi nd them compared to non-explorers (van Oerveld & Mathyssen 2010); explorers would also readily go into a dangerous environment to access a potential good food patch (Quinn et al. 2012) . Further, fast explorers more rapidly form feeding routines than slow explorers (Herborn et al. 2010) . Therefore, fast explorers adopt a high reward -high risk strategy while foraging, as predicted by the life-history theory. Fast explorers also disperse far (Dingemanse et al. 2003) , and male explorers tend to fi nd and secure good quality territories (Both et al. 2005) .
Based on the observed correlations mentioned previously, a set of predictions have been elaborated regarding exploration and fi tness. In good years, fast explorers are expected to do best -they can get hold of territories with abundant resources that they exploit quickly, which allows them provide for their young at a fast pace. In poor years, however, resources and good territories are rare. Slow explorers should be at an advantage then, as their thorough foraging strategy allows them to fi nd the scarce food sources, and then exploit them until depletion (Both et al. 2005 , Patrick & Browning 2011 , Mutzel et al. 2013 ). These lines of reasoning are supported by empirical data: generally, fast explorers recruit more offspring than slow ones in good years, but the reverse is true in poor year (Dingemanse et al. 2004) . Also, slow explorative females do better compared to fast ones on poor territories (Schuett et al. 2011b) . Therefore, exploration behaviour is linked with the ability to secure and exploit food sources, which naturally feedbacks on the amount of resources parents can provide to their offspring i.e. the quality of parental care, and consequently on offspring quality. There are, however, several factors that complicate these links, namely the trade-off between provisioning and defence or the distribution of food resources; also offspring themselves have a say in determining provisioning rates (Box 3).
To sum up, as predicted by the theory, personality is greatly expressed in contexts related to the breeding attempt. Personality traits affect (i) how much resources individuals invest in the current reproduction event (the life-history theory), and (ii) the ability of individuals to provide good parental care (exploration in particular because of its links with foraging suc-cess and territory acquisition). Further, these relationships explain (to some extent at least) the differences in fi tness in terms of offspring condition and recruitment between individuals at the opposite ends of each personality trait spectrum.
Assortative mating based on personality traits
Personality traits affect individual reproductive investment, but they can also infl uence fi tness by acting at the level of the pair; specifi cally, assortative mating based on personality traits can positively infl uence offspring condition.
In behavioural ecology, assortative mating describes a situation in which individuals choose mates that are similar to them to the detriment of dissimilar individuals, even if the latter are of better quality (Burley 1983 , Jiag et al. 2013 . Individuals can choose a mate of similar morphology to them (e.g. Pryke & Griffi th 2007, Bortolotti et al. 2008 , Martin, 2013 , or behaviour (e.g. Bearhop et al. 2005 ). Mating assortatively is benefi cial if: (i) similarity at the genetic level gives offspring an advantage, and/or (ii) similarity in behaviour between parents increases the effi ciency of mating and/or parental care. If such benefi ts are higher than the costs of mating with a lower quality partner, assortative mating is adaptive . Several studies show that assortative mating based on personality exists (e.g. Schuett et al. 2011a , Kralj-Fišer et al. 2013 , and moreover, pairs similar in personality have a fi tness advantage in terms of increased fertilization success (e.g. Sinn et al. 2006) , offspring size (e.g. Both et al. 2005 , Stapley & Keogh 2006 , Schuett et al. 2011b ), offspring numbers (e.g. Budaev et al. 1999 , and fl edgling success (e.g. Gabriel & Black 2012) .
Assortative mating increases the compatibility of the pair
What makes personality-assorted pairs more successful than dissimilar ones? So far, the literature supports hypothesis (ii) i.e. assorted pairs do not offer their offspring superior gene combinations; rather they provide good parental care for their young. The most elegant proof for this argument comes from a study on zebra fi nches. In these species, pairs similar in their exploration scores raise better offspring than dissimilar pairs; a cross-fostering experiment showed that all variance in offspring quality is explained by personality differences between foster parents and not genetic ones (Schuett et 
Box 3. Why isn't exploration more obviously linked with provisioning?
Exploration correlates with aggression and boldness (Verbeek et al. 1994 , Budaev et al. 1999 , Herborn et al. 2010 , Hyman et al. 2013 , and it thus becomes important in the context of nest defence (see section 2.1.). Therefore, as in the case with aggression, the trade-off between care and defence weakens a potential positive correlation between exploration and provisioning (especially in males; Mutzel et al. 2013) . Furthermore, the role of exploration in determining foraging success depends on other various factors, such as the distribution of resources (e.g. in a system with clumped food sources fast explorers might always do best because they can monopolise and defend patches of food; Patrick & Browning 2011) , or the direction of selection (as discussed above).
The link between individual personality and provisioning also comes with an additional complication: offspring infl uence provisioning rates via their begging behaviour. Personality traits can be expressed at very early stages in life, including the dependent stage (Roulin et al. 2010) ; in great tits, for example, more explorative young have higher begging rates . Therefore, when correlating parental personality with provisioning, studies must account for brood size, sex and age of young, etc., but also for the personality of offspring -a potential confounding variable that has not been included in studies so far. Young personality usually associates with parental traits, as personality is determined by a combination between genes (Drentet al. 2003 ) and the rearing environment , Schuett et al. 2013 al. 2011b). As shown in previous sections, individual personality is linked with fi nding a territory, foraging, provisioning, and nest defence. It makes sense, thus, to assume that individuals similar in their personality scores will also behave similarly in the functional contexts above-mentioned. The argument is that such similarities cause a high behavioural compatibility between partners, which is known to increase the effi ciency of parental care and, consequently, offspring quality (Box 4).
Does similarity in personality traits between partners increase the compatibility of the pair? Assorted steller jays (Cyanocitta stelleri) pairs nest earlier than dissimilar pairs, potentially because individuals similar in their boldness and exploration scores share the same strategy while looking for a territory and nest site, which speeds the onset of breeding (Gabriel & Black, 2013) . Also, convict cichlids pairs similar in their exploration scores have similar provisioning rates (correlative data; Budaev et al. 1999) . When studying such relationships an important detail must not be overlooked: are the partners similar in behaviour prior pairforming, or do they become more compatible as a result of spending time together? So far, evidence shows that the levels of behavioural compatibility and similarity in personality scores between mates do not increase with time, which means individuals mate assortatively from the start (Spoon et al. 2006 , Gabriel & Black 2013 , but see Griggio & Hoi 2011 for contrasting conclusions). Clearly, assortative mating based on personality is a subject with knowledge gaps still. However, plenty predictions and verbal arguments have already been put forward (e.g. Figure 3 ), and it should be only a matter of time until empirical evidence will catch up with theoretical ideas.
Assortative mating based on consistency; personality and family interactions
Personality traits are characterised by low intra-individual variation, or consistency . Assortative mating based on the consistency of personality traits has only been shown in zebra fi nches, a species in which individuals choose partners with similar inter-individual variation levels in exploratory behaviour (Schuett et al. 2011a) , and pairs with the same consistency in exploration have the fi ttest offspring (Schuett et al. 2011b) .
Fairly new theories relate the idea of consistency with the resolution of inter-sexual confl ict. The consistency of personality traits is thought to signal how predictable an individual is in various functional contexts, including parental care (Dall et al. 2004 . Highly consistent individuals are likely to be trustworthy and cooperate in parental effort, whereas an inconsistent individual is likely to exploit its partner or even desert the brood (Royle et al., 2010) . It makes sense, thus, for individuals to choose a partner similar in consistency to them in order to avoid being exploited; as a consequence, parental confl ict can be decreased by mating assortatively based on consistency (Royle et al. 2010) . Such hypotheses represent scope for further work, as no empirical studies so far have looked at how
Box 4. Behavioural compatibility
Behavioural compatibility describes the extent to which members of a pair accord in various functional contexts (e.g. copulation, fi nding a territory, building a nest, and further incubating the eggs and taking care of young; Spoon et al. 2006) .
High behavioural compatibility increases the success of the breeding pair, hypothesis supported by empirical evidence (Ryan & Altmann 2001 , Gleason et al. 2012 . In cockatiels (Nymphicus hollandicus) for example, high compatibility -quantifi ed as low aggression levels between partners, large amounts of time spent in close proximity of each other, frequent copulations, allopreening and other affi liative behaviours -correlate with an increase in the number of chicks raised to independence, and a decrease in the probability of extra pair copulations and divorce (Spoon et al. 2007) ; also behavioural synchrony during incubation increases the chances of laying eggs and hatching success (Spoon et al. 2006) . In many bird species, high percentages of synchrony in nest visits -also a measure of pair compatibility -increase brood size and fl edgling percentages (e.g. Mariette & Griffi th 2012 , van Rooij & Griffi th 2013 personality infl uences individual response to changes in its partner parental investment (but see Patrick & Browning, 2001 , for a fi rst step in exploring these matters: this study showed that great tits increase their provisioning rates when offspring demands are enhanced, but the rates of change are not different between fast and slow explorers).
A few authors have started studying the role of personality within families (e.g. Roulin et al. 2010) . These concepts are at a very incipient stage, but already several verbal arguments have been put forward. Firstly, as discussed above, personality traits infl uence cooperation between mates, and can also mediate the confl ict between the sexes. Secondly, personality traits are expressed very in life i.e. even at a dependent stage , so it makes sense that personality also acts on parent-offspring confl ict and sibling competition. An interesting idea is that offspring can more easily adopt an effi cient strategy to maximise parental care if parents have similar personalities i.e. parents share the same parental care strategy (Roulin et al. 2010 ). This hypothesis already received some support from studies showing that assorted pairs raise high quality offspring (discussed previously). Exciting further work includes modelling the fi tness pay-offs of various combinations of parental and offspring personalities in order to obtain the evolutionary stable strategies. The expectation is that selection will favour specifi c combinations of personality traits within families, depending on the parental care system the species of interest exhibit, local conditions and direction of selection, etc. (Roulin et al. 2010) .
Personality beyond behavioural ecology. The implications of personality traits on ecology and evolution are now starting to receive attention (Dall et al. 2012) . First of all, personality has received attention from evolutionary ecologists (Dingemanse & Wolf 2013) . For example, the existence of fi xed differences in behaviour between individuals contradicts fundamental ideas regarding the fl exibility and adaptability of behaviours (e.g. Wolf & Weissing, 2010) . In addition, personality is studied in relation to individual niche specialisation, division of labour and stability in social groups (Bergmuller et al. 2010 , Carter et al. 2014 . Secondly, personality impacts on the ecology Potential pathways via which similarity in a personality trait (here explorative behaviour) can lead to high behavioural compatibility between partners and further benefi t the pair. Based on arguments from: Gabriel & Black 2012 , Stamps et al. 2002 , Mariette & Griffi th 2012 , Royle et al. 2010 , Raihani et al. 2010 , Shen et al. 2010 Figure 3
of populations. For example, explorative behaviour is known to associate with dispersal abilities (e.g. Dingemanse et al. 2003) , and ultimately with the capacity of individuals to colonise new habitats (e.g. Brodin et al. 2013) . Following similar arguments, personality has been linked with the outcome of intra/interspecifi c competition or predator-prey interactions, and therefore with population dynamics, species abundance, speciation, and ecological displacements (see Sih et al. 2012 review) . Thirdly, personality is considered when dealing with conservation issues. Behavioural types associate with the idea of coping with risk and novelty, which naturally links with individual ability to adapt in the face of urbanisation and climate change (Sih et al. 2012) . Moreover, personality affects fi tness and (as the present review highlights) offspring quality, therefore it is not surprising that conservation programmes have started to take notice at such behavioural parameters for the rehabilitation of greatly endangered species.
Conclusions
Personality traits have become a self-contained, infl uential subject in behavioural ecology. Correlations between personality and fi tness have already been reported by many studies, and we are now beginning to understand the underlying mechanisms behind such relationships. Personality acts both at the individual and the pair level. Firstly, differences in personality explain a signifi cant part of the variation seen in reproductive investment between individuals. Secondly, assortative mating based on personality increases the behavioural compatibility between partners, and consequently the effi ciency of parental care. Lastly, personality traits alleviate intra-familial confl icts, and they can infl uence the outcome of family interactions.
There are many gaps in our current understanding of animal personality. For example, personality has never been studied in relation to nest building -a key form of reproductive investment and a functional context where high compatibility between partners could be advantageous (for example, highly compatible partners could potentially build their nest fast). The big advantage of studying the expression of personality traits at this stage of the breeding attempt is the absence of offspring. With no young, the results are not complicated by the additional feedback loops offspring have on parental care (see Box 3). The subject of assortative mating based on personality also requires future comprehensive studies that will (i) estimate the personality of partners before and after the pair is formed, (ii) estimate the infl uence of individual personality on various forms of reproductive investment, (iii) correlate the similarity in personality between mates with the behavioural compatibility of the pair, and (iv) relate compatibility with offspring success.
As knowledge in the subject grows, probably more variation in behaviour that has been left unexplained until the present will be attributed to personality traits. Personality research also opens doors for new ideas; particularly, the role of personality traits within families promises many opportunities for theoretical and empirical further work.
